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‘Computer-Aided Statistical Inventory Reconciliation for Leak Detection in 
Underground Storage Tank’ is a study undertaken to perform numerical calculation 
of leak rate for leak detection in underground storage tanks (UST) in petrol station 
retail business for the enhancement of the current risk assessment and crisis 
management. The need for this system is for the operator or owner of petrol station 
to keep track on the leakage of the retail and to ensure the safety measure of the retail 
by having a computerized system being developed to get statistical record of leakage 
that might cause hazard in the petrol station. The analysis method applied are 
literature review and questionnaires to the petrol station managers in order to 
understand the current business process and management of the retail especially in 
terms on risk management and health, safety and environment (HSE) issue. The 
design of the system is drawn and converted into a functional computer system. The 
development methodology includes the flow diagram to calculate the leak rate of oil 
in UST. PHP language is chosen for the system because of its transparency and less 
abstract besides the fact that it can be hosted nearly everywhere. A set of formulas 
have been developed to calculate on the daily fuel storage as preliminary data to 
measure leakage. The study concludes that SIR system can be used as preliminary 
detection method to detect leakage in UST. In the other hand, future enhancement 
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CHAPTER 1: INTRODUCTION 
 
1.1 Background of Study 
Petrol station retails are exposed to an amount of potential hazards that could 
lead to danger if not being managed and maintained well. Petrol in definition mainly 
is a combination of organic substances with variety of physical properties which can 
lead to many hazards including fire, explosion, health and environmental ("Risk 
Management Outline to Petrol Operations," 2008). The hazards may cause danger 
not only to the petrol station, but also to the people, surrounding environment and the 
reputation of the petrol station itself. 
One of the contributing factors of hazards in petrol station retails is the 
leakage of underground storage tank (UST), a container and any linked underground 
piping that has at least 10 percent of its joint volume underground. Leakage and 
spills of petroleum products such as petrol, diesel, kerosene and etc. that are stored in 
UST can lead to the contamination of the soil, groundwater, surface water and air 
("Proposed Protection of the Environment Operations (Underground Petroleum 
Storage Systems) Regulation 2014 ", 2014). 
It is burdensome and consume a large amount of cost to actually clean up and 
treat the contamination in soil and groundwater that caused by leakage and spills of 
oil in UST. Besides, the polluted soil because of the undetected leakage will consume 
longer time since it is strictly difficult to clean the consequences it gave. Not only to 
the owner of the petrol stations, could the leakage also harm the surrounding people 
and environment. According to a report ("Preventing Leaks and Spills at Service 
Stations - A Guide for Facilities," 2003), the fuel tanks leakage has as well polluted 
the water sources for the use of drinking to the nearby communities. 
In terms of health, as mentioned by New South Wales (NSW) Environment 
Protection Authority in their report of Regulatory Impact Statement, listed in the 
Table 1 below are the components of petroleum and the type of diseases that may 




Table 1: Type of diseases caused by petroleum components 
Component(s) of Petroleum Type of disease(s) 




Probable human carcinogens 
Fuel mixtures and used oil Probable human carcinogens 
Toluene & Ethyl Benzene Affecting human's liver 
Benzene, Toluene, Ethyl Benzene & 
Xylenes 
Toxicidic to aquatic environment 
 
On 2nd April 2014, a petrol station in Gua Musang, Malaysia caught fire 
because of the fuel being unloaded to the underground storage leaked. Eleven people 
were seriously burnt and some foodstalls, four cars and three motorcycles were 
destroyed because of the tragedy. This incident happened due to the leaked of duel 





Figure 1: Petrol station in Gua Musang caught fire due to leakage in underground 
storage tank 
 
Figure 2: One of the injured people, Nur Marisah at Raja Perempuan Zainab II 
Hospital in Kota Bharu 
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Risk assessment needs to be done in order for the petrol station owner or 
manager to limit the amount of potential hazards to the petrol stations that as 
mentioned above, may give a number of negative effects on many parties including 
the environment. Some of the efforts of the petrol station retails owner to overcome 
this issue are by having a good risk assessment and crisis management system to 
manage the overall operation of petrol station and identify the potential hazards. 
There are many assessments included in petrol station’s risk assessment. This 
includes the general requirements, dispenser and underground tank requirements and 
liquefied petroleum gas requirements (Dangerous Goods Safety Matters: Self-Check 
Guide for Petrol Stations, 2011) . As stated above, one of the main requirements in 
risk assessment of petrol station is the dispenser and underground tank requirements. 
The leak control for UST is considered as one of the most crucial risks in petrol 
station. Poorly installed, improperly maintained and old tanks and pipe work are the 
main contributors for petrol leakage ("Risk Management Outline to Petrol 
Operations," 2008). In this matter, the owner of the petrol station is responsible in 
ensuring that petrol is stored safely. Some actions can be done to reduce the risk of 
leakage including control measures, control on reliability of storage tanks and 
continuous management and maintenance. 
In controlling the reliability of storage tanks, one of the methods that can be 
used is by performing the Statistical Inventory Reconciliation (SIR). Petrol stations 
are required to have leak detection for the UST to reduce the risk of hazards. SIR is 
one of the available ways where sophisticated computer aided software is used to 
perform an arithmetic analysis of inventory, delivery and provision data 
(Introduction to Statistical Inventory Reconciliation For Underground Storage 
Tanks, 1995). All petroleum UST and piping systems installed in petrol stations can 
use SIR as a tool and initial method in detecting leakage. It is basically done monthly 
and could result in product piping. Prepared by SIR vendors, petrol stations owner 




1.2 Problem Statement 
1.2.1 Problem Identification 
In Malaysia currently, it is rather hard to find the statistics and records 
regarding the issues in health, safety and environment (HSE) of hazards and 
past records of accidents in petrol stations. Despite the fact that there are not 
much of accidents being reported regarding safety issues in Malaysia, safety 
precautions must be taken care seriously by all of petrol stations' owner in 
Malaysia.  
This includes the issues of petroleum leakage of underground storage 
tanks that could actually give a big impact on surrounding people, environment 
and reputation of the petrol station retail. Risk assessments currently being 
done in Malaysia mostly only stressed on the everyday actions of customers 
and employees in petrol stations. For example, the assessments of hazards 
focused on the warning of usage of mobile phone during filling of oil and 
smoking prohibition.  
The detection of leakage in UST is whether not being done at all or 
not being managed and recorded properly by the manager of petrol station 
retails. Despite the fact that there is a guideline of storage of hazardous 
chemical in Malaysia, only the precaution of leakage being enforced but the 
detection of leakage is not put as a lawful act that need to be done by all petrol 
station retailers in this country ("Guidelines on Storage of Hazardous 
Chemicals - A Guide for Safe Warehousing of Packaged Hazardous 
Chemicals," 2005).  
1.2.2 Significance of the Project 
The project will be a medium for petrol station’s operator as well as 
the manager as the owner of the petrol station to detect the absence of leakage 
in underground storage tanks. This project will help in providing a 
computerized interface to make ease of the work done by the operator. Since 
the project is a system with graphical user interface which is connected to a 
database, the data can be stored effectively and can be traced for future review. 
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1.3 Objectives and Scope of Study 
1.3.1 Objectives 
The main objectives of this project are to achieve the followings: 
1. To study on the current risk assessment for leak detection of UST in 
petrol station retails in Malaysia. 
2. To study on current computerized SIR for leak detection of UST for 
petrol station retails in developed countries. 
3. To develop a system that is able to perform risk assessment on UST 
using SIR for petrol station in Malaysia. 
1.3.2 Scope of Study 
The study focuses on how manager of a petrol station retailer in 
Malaysia manages the risk assessment of the petrol station retail that 
emphasize mainly on the leak detection of UST using the SIR method. At the 
moment, the conduct of risk assessments being done are not really emphasizing 
on the detection of leaks in UST and statistics of cases of leakage of oil in 
petrol stations are rather hard to be gathered. Some other components in risk 
assessments such as general requirements and liquefied petroleum gas 
requirements are not a part of the scope that will be covered in this project.  
SIR can be done easily by the person responsible in the petrol station 
retails which can be used in public domain of the petrol station using 
computer-based programs. The scope includes the HSE practices in petrol 
station retails and also the usage of Information and Communication 
Technology (ICT) and Business Information System (BIS) in petrol retail 
business. This study can relate the petroleum industry and ICT/BIS industry by 






CHAPTER 2: LITERATURE REVIEW 
 
2.1 Why UST leak detection is important? 
As compared to developed countries, the developing countries are less 
effective in terms of recording of safety measures and statistics (Ahmed, Kutty, 
Khamidi, Othman, & Shariff, 2012). Ahmed et al. (2012) also discovered that there 
is a need to control hazards in petrol station retails since the place is full of 
flammable and hazardous materials. There are indeed a number of contributing 
factors that lead to hazards in petrol station retails including carelessness, lack of 
maintenance, falls, transportation hazard and also housekeeping. Besides these 
factors, another contributing factor that can be seen as a serious factor is the leakage 
of storage tank. 
Figure 3 below is the flowchart showing the potential emissions caused by 
storage and transfer facilities as referred from the report of Best Available 
Techniques Guidance Document on Storage and Handling of Petroleum Products by 
the Department of Environment Malaysia. From this flowchart it can be seen that a 
list of operational processes such as tank filling, cleaning, draining, purging and etc. 





Figure 3: Flowchart of potential emissions caused by storage and transfer facilities 
 In contrast with above ground storage tank, detection of leaks from UST is a 
difficult activity since it cannot be observed directly. In a developed country such as 
the United States, the manager of the petrol station retails with UST is required to 
follow the federal regulations where they need to have a good corrosion protection, 
leak detection system, financial guarantee for legal responsibility and spill and 
overfill protection ("Preventing Leaks and Spills at Service Stations - A Guide for 
Facilities," 2003). The same law has been mentioned in a booklet by the United 
States Environmental Protection Agency (USEPA) which mentioned that the 
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requirement of UST's leak detection has been emphasized in federal and state laws 
(Introduction to Statistical Inventory Reconciliation For Underground Storage 
Tanks, 1995). Meanwhile in Malaysia, only precautions and practices of 
housekeeping and spillages are found and no laws and regulations being specifically 
mentioned for petrol stations’ owners to do leak detection. 
2.2 What is Statistical Inventory Reconciliation? 
According to Department of Environment and Conservation, Division of 
Underground Storage Tanks (2007), Statistical Inventory Reconciliation (SIR) is 
computer software being used to perform and make an analytical calculation in daily 
inventory, delivery and daily pumped fuel collected over the month to examine 
whether or not there is a leakage in the underground storage tanks (UST). Gauge 
stick is used to measure the fuel level daily.  
Some reports had mentioned that SIR is one of the ways that can be done for 
petrol station retails' owner to perform leak detection. USAID Armenia in its report 
mentioned that SIR is an established system that statistically analyzes the losses and 
gains for each tank in daily basis with considering stock variances and cumulative 
variances of cumulative sales to identify trends and anomalies (2008). 
The USEPA again mentioned that the imprecision of the traditional system 
inventory control has been the reason of introduction of SIR which can help in 
reducing the amount of money being loss for losing hundreds of litres of oil per 
month due to leakage in storage. SIR accuracy helps in analyzing releases of oil from 
a tank 95% more accurately than the inventory control (1995). 
 SIR analysis is usually done by the vendors from outside of the company that 
offers this business to analyse the leakage in the storage tanks. The owner or operator 
of the petrol stations will submit SIR data as per required by the vendor's company at 
the starting of each month to do the analysis of leak detection who will then send the 
results to the owner for record. Alternatively, SIR can also be performed by the 
operator of the petrol station itself by using stand-alone SIR systems which already 
trained without assistance of SIR analyst ("Statictistical Inventory Reconciliation 
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(SIR)," 2007). But in other report, NSW EPA mentioned that this stand-alone SIR 
system may not have been certified (2014). 
 SIR analysis can be done quantitatively or qualitatively (SIR, 2007). By using 
quantitative method, the report must include the calculated leak rates as part of the 
result while the qualitative method only report the results as "pass" or "fail". Despite 
of the methods being used, both methods actually would require the vendor to 
calculate the leak rates but the difference is the presentation of result in the report 
whether it includes the calculated leak rates value or just the result being captured. 
As mentioned by the SIR report by State of Tennessee, apart from "pass" and "fail", 
there is another irregular result in SIR analysis which is "inconclusive" which 
provide the meaning that "data quality will not provide a conclusive result 
conforming to the 95% probability of detection (Pd) and no more than 5% 
probability of false alarm (Pfa) criterion" (2007). 
 One of the most important criteria in operating SIR analysis is to maintain 
and keep daily record on the inventory volume accordingly for each of the petroleum 
products available at the petrol station retail. The operator should not miss any daily 
record to get the most accurate value of measurement to detect whether leakage in 
storage is happening or not. The measurement can easily be done by using the 
dipstick or the gauge stick that can easily be found in any petrol stations with UST 
where the depth of liquid are measured. Other gauges such as an automatic tank 
gauges can also be used which will eventually make ease of the operator tasks in 
measuring the amount of petroleum liquid being stored. 
 In other Western countries, the leak rates are calculated in gallon per hour 
(gph). In Malaysia, the measurements of liquids are usually being done in litres. All 
results of the leak rates, threshold amount and calculated leak rates will be presented 
in litre per hour (lph). Listed in the Table 2 below is the differences between 
qualitative and quantitative method while in Table 3 shows the identification of Pass, 





Table 2: Differences of Qualitative and Quantitative measures 
Qualitative measures Quantitative measures 
 Do not provide estimated leak 
rates 
 Report results in Pass, Fail or 
Inconclusive 
 Compared with evaluator's 
knowledge 
 Test report in numerical leak rate 
based on the characteristics of the 
dataset 
 Provide numerical estimate rather 
than just the categorization of 
result in pass, fail and 
inconclusive 
 Calculated in litre per hour (lph) 
 
Table 3: Identification of Pass, Fail and Inconclusive Result 
Status Description 
PASS UST system tests is rigid 
FAIL  Indicate a loss of product from the system 
 Various factors:- 
1. Leakage 
2. Evaporation 
3. Poorly calibrated dispensers 
4. Incorrect metered deliveries 
5. Stolen product 
INCONCLUSIVE  Incorrect information  
 Detection failure 
 
 There is a gap in Malaysia’s petroleum industries especially in petrol station 
management and risk assessment where the leak detection system are not being 
maintained in such a manner that it could be referred to as if any accidents or hazards 
occur, the potential reasons can easily be identified and managed. Leak detection 
system in Malaysia mostly covers in the petroleum plants and during transportation 
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of the oil but not at the petrol station itself where the hazards are more exposed to the 
environment and surrounding people which are not in precautions if accident, fire or 
even explosions occur due to leakage of UST. So it is crucial to have daily basis leak 
detection and monthly basis SIR system for petrol station owner to systematically 
record the detection of leakage in the UST. 
In the following, an example of report produced that indicates whether the 
leakage occur or not in the month. In this example, the value of P is lower than R so 
the system will indicate "Pass" as the result. Report is as adopted from ("Daily 
Inventory and Statistical Inventory Analysis,"). 
 
Figure 4: Example of report being produced 
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CHAPTER 3: METHODOLOGY 
 
For any software development, it is essential to plan the project well. 
Requirement gathering has done before the designing and implementing the 
software. Different methodologies have been used to cater different needs of the 
project in the whole duration of time given. Thus, this chapter will mainly elaborate 
on the: 
 Research Methodology 
 Project Phases 
 Development Methodology 
 Tools Used 
 
3.1 Research Methodology 
 This study adapted a number of research approaches being found in 
literature reviews mostly from the developed countries or the Westerns for data 
collection and analysis. The research mainly being done qualitatively by studying the 
related literature reviews from journals, website articles, online newspaper and books 
as a tool to gather and compare functional requirements basically from the sources 
that are related to SIR system that has been developed in other countries. This 
method helps in finding the solution and strengthens the knowledge about the subject 
of research. The functional requirements gathered are then be adopted and will be 
amended to further improve the system and to make it parallel to the requirements of 
risk assessment of petrol stations in Malaysia. 
 Besides literature review, a list of questionnaires has been sent to some of the 
managers of petrol station retails to gather the information on current petrol station 
management, their risk assessments and how they operate the petrol stations 
currently with regard to the HSE being implemented. From the questionnaires, it can 
be summarized that this project is applicable and relevant to be conducted to reduce 
the risk of hazards that could potentially occur in petrol station retail. The results of 
the questionnaires are as per attached in APPENDIX 1. 
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 Apart from that, a study of local scene news has also been done to investigate 
the past cases on leakage of storage tanks occurring in Malaysia. In addition, the 
non-functional requirements are also being studied to find the external requirements 
being needed by the system to ensure the accuracy of data and result. Accuracy of 
the system is very much an important non-functional requirement so that the system 
will not give inadequate information to the user of the system which later being 
falsely analyzed. Besides accuracy, the integrity of the operator conducting the 
operation checking of depth of oil must also be observed to ensure that the daily 
checking is done without miss.  
 











3.2 Project Phases 
 
Figure 6: Agile Development Methodology 
Figure 4 mainly shows the research methodology being done for the project 
while Figure 5 shows the agile development methodology being used in the 
developing the SIR system. The process started with requirement analysis being done 
at the early stage of the research followed by designing and documenting the 
prototype. The project is then preceded with development, quality assurance and 
deployment before it being released. 
3.2.1 Planning Phase 
For the planning stage, a number of problem statements have been 
gathered before the project can be developed. Further research and data 
collection are done at the beginning phase of the project cycle to support the 
significance and relevancy of the project to be conducted so that the problem 
statement being stated can be resolved. The planning activities used as the 
guideline on what need to be done towards the timeline given in completion 
of the project. To ensure that the tasks involves are correctly assigned, a Gantt 
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chart is developed as attached in the APPENDIX 2. This is to ensure that 
enough time is allocated for each task throughout the period given. 
3.2.2 Analysis Phase 
One of the purposes of data analysis is to uncover the resolution for all 
the problem statements being identified earlier. Data collection process and 
research mainly purposed to look for data, information and knowledge in 
regards to the project title. The analysis phase includes all the activities done 
in research methodology as been discussed earlier on this paper.  
From the analysis, a flow chart has been created as the first draft of 
how the system flow and how the calculation of SIR can be done. The flow 
chart were then be altered and adopted in the activity diagram as included in 
Figure 15 in the next part of this Methodology section. The first draft of flow 




Figure 7: Flow diagram of calculation to determine Pass, Fail or Inconclusive 
 
3.2.3 Design Phase 
In the design phase, the real system is developed using the prototyping 
development methodology. Prototyping model is useful to give the user a 
proper idea on the software and help to demonstrate the concept of the system 
to be further enhanced (Sparrow, 2013). Figure 7 below shows the 




Figure 8: Prototyping model 
Graphical user interface (GUI) is seen as one of the way to build the 
prototype of the system. GUI is important in order to make the interface of 
the system appears to be more interactive and easier to be used by the user. In 
this phase, the GUI of existing system has been reviewed as reference and 
used as guidance to alter it and make it simpler and user friendly. Figures of 
the existing system is as attached in APPENDIX 4. 
3.3 Development Methodology 
In order to develop the system, an activity diagram has to be made first to 
model the way of calculating the leak rates in UST. With that, an algorithm guideline 
from Tank Smart Module 11 has been taken into account to construct the activity 
diagram of leak rates calculation ("Daily Inventory and Statistical Inventory 




Figure 9: Activity diagram to perform SIR calculation 
3.4 Tools Used 




Table 4: The required software and hardware for development of SIR system 
Software Minimum requirement 
Operating system  Windows XP and above 
Scripting language  HTML 
 CSS 
 PHP 
Programming tools  Notepad++ 
Database tools  PHPMyAdmin 














CHAPTER 4: RESULTS AND DISCUSSIONS 
 
 This chapter discusses on all the results collected from most of the phases in 
the system development process. The result hopes to support the evidence towards 
achieving the objectives together with the discussion. 
 As described earlier, the evaluation of risk assessment has been done by 
giving out questionnaires to the petrol station manager. As part of the answer of a 
manager of PETRONAS station in Baling, Kedah stated that “HSE is the most 
priority issues to the petrol stations” (Amran, 2015). From the findings on literature 
review and local scene show that the need for risk assessment in petrol station is 
crucial more importantly for the leak detection of the UST.  
 From the ICT and BIS point of view, it can be said that a computerized 
system will help the petrol station retail manager in adapting the usage of SIR system 
as part of risk management. The statement is proven as stated in a paper UST 
Technical Bulletin of Missouri Department of Natural Resources that there are a 
number of advantages of the usage of SIR system in part of risk assessment of petrol 
station retails. The list of advantages are the minimal number of equipment needed, 
testing covers both tanks and piping system, precision of the system is rigid and also 
the monitoring of common operational problems of other equipments can also be 
done concurrently. 
4.1 Analysis 
4.1.1 Flow of the System 
One of the requirements of the leak detection using SIR is to record 
and update daily inventory before SIR calculation can be performed at the end 
of the month. SIR uses web-based computer program to look more closely at 
the inventory data being stored in the phpMyAdmin database to determine if 
leak might happen. The report will be generated automatically at the end of the 




Essential steps of fuel inventory control are as shown in the diagram 
below: 
 
Figure 10: Steps for SIR fuel inventory control 
 
4.1.2 Use Case Diagram Analysis 
Use case diagram model the functionalities of the system using actors 
and use cases. Use case can be described as functions or services provided by 
an application to the user. The actor of this use case being designed is the 
operator of the petrol station. The system will allow the user to perform some 
actions after the user is authenticated in the login page.  
The Figure 17 below shows the proposed use case diagram to be used 
for the SIR system to be created for implementation in Malaysia. The system 
will analyze the leak detection automatically without the need of vendors to 
analyze it. The system proposed is the automation of analysis of SIR for petrol 
station retailers. 
Daily measurement of fuel in tank being taken by the 
operator/worker of petrol station  
Record the amount of fuel dispensed and fuel delivered 
Reconcile the daily measurements to determine the daily 
variance 
Calculate the monthly variance to determine whether the 
monthly variance is within regulatory guidelines 
Check for the result from the report of monthly checking 




Figure 11: SIR System Use Case Diagram 
 The system will allow its main user to key in some values such as the fuel 
delivered, fuel pumped, water level and closing stick inventory. On the other hand, 
the user will be allowed to process the result of leakage calculation at the end of the 
month. The daily inventory can also be presented in the system. 
4.2 Design 
 The system will not only implement the contribution of HSE in handling 
petrol station retail but also HCI elements where human work can be done more 
easily with the help of technology. Figure below shows the example of the manual 
system from a technical report of State of Tennessee ("Statictistical Inventory 
Reconciliation (SIR)," 2007) which will be adapted in making a more sophisticated 
version of the system with the usage of Graphical User Interface (GUI) that liable to 




Figure 12: Example of SIR Summary Report 
The system is built in a simple Graphical User Interface (GUI) using HTML 
and PHP. The language is chose because of its transparency and it can be hosted 
from nearly everywhere. From the front-end of the system, user/operator needs to 
key in values that are collected from daily inventory including amount of fuel 
delivered, fuel pumped, closing stock inventory, water level and the administrator's 
initial. 
From those values, a set of formula to calculate the monthly leakage has been 
built as per listed below in the table: 
Table 5: List of inventory details 
A: Opening Inventory 
B: Fuel Delivered 
C: Fuel Pumped 
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D: Book Inventory Balance 
E: Closing Stick Inventory 
F: Daily Over or Short 
G: Cumulative Over or Short 
H: Inches Water 
I: Initials 
J: Opening Inventory of the first day of the month 
K: Sum of Fuel Delivered 
L: Sum of Fuel Pumped 
M: Math Check 
N: Closing Stick Inventory of the last day of the month 
O: (same as M) 
P: Difference between Math Check and Closing Stick Inventory of last day of the 
month 
Q: (same as L) 
R: Leak Check Result 
 
The following formulae are used to calculate the SIR value for daily 
inventory and monthly report (as adapted from ("Daily Inventory and Statistical 
Inventory Analysis,")): 
 
Figure 13: Set of formulae to perform SIR calculation for leak detection 
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The set of formulae is adapted and converted into PHP language to perform the 
calculation of leakage. A part of list of formulae is as listed below: 
 inventory_balance = opening_inventory + fuel_delivered - 
fuel_pumped  
 daily_over_short = closing_stick_inv - inventory_balance  
 cum_over_short = prev_over_short + daily_over_short  
 math_check = first_inventory + sum_delivered - sum_pumped  
 final_cumulative = last_inventory - math_check  
 leak_check = sum_pumped * 0.01 
 Figure below shows the system architecture being built to show the flow of 
operation for SIR system: 
 
Figure 14: System Architecture for SIR System 
 
4.2.1 User Interface 
A user interface is the part of application which users interact with. 
The interface usually includes the screen displays that provide navigation 
through the system, the screens and forms to capture data. 
Home page 
  On the home page, some tabs are available for user access including 
Home and Login tabs. Tank information details can be seen from the home 
page. The user needs to proceed to Login page in order for them to key in the 
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daily inventory details and update any data. Figure below shows the interface 
of the home page of the system. 
 
Figure 15: Home page of SIR system before login 
Login 
When user clicks the Login button from the Home page, user will be redirected 
to the Login page where user needs to key in the correct username and password in 
order for them to be authenticated. If the user entered a correct username and 
password, the page will be redirected to the second Home page of the system which 
includes new tabs named Services as shown in Figure 22. Else, if the user entered 
wrong username or password, the system will pop out an error message saying that 





Figure 16: Second home page of SIR system 
 
 
Figure 17: Invalid username entered 
Services 
The Services page is the crucial part of the system where all the daily 
inventory details will be input by the user of the system which is the operator 
itself. The user needs to choose the tank for the date to be input and he/she just 
needs to key in the data in the boxes provided. By clicking the ‘Calculate’ 
button, the SIR system will immediately store the data in the database and 
check whether it is the end of month or not. For the case where the date is the 
end of month, the system will automatically display the result of the UST 
leakage whether “PASS” of “FAIL”. Else, the system will just input the data in 





Figure 18: Services tab for SIR system 
 
Figure 19: Message being popped-out when the daily inventory successfully inserted 
 






 Besides performing the calculation of leakage, the operator can also use the 
system to view the current and previous report that has been input and calculated. 
The report will be beneficial for the operator to keep track on the flow of fuel and 
make it easy for them to prepare the statistic of data for further action. The 
screenshot of Report page is as follows: 
 
Figure 21: Report page where user has to input the month, year and tank desired 
 
 




Figure 23: Result of leakage also being displayed 
 
4.2.2 Database Architecture 
In order to keep the inventory data available after the user input, the 
data of daily information and monthly result is stored in a database. For this 
application, PhpMyAdmin with MySQL as the server type is used to handle all 
the data handling storage. PhpMyAdmin is chosen because the language used 
to develop the project is PHP so it is easier to write the SQL in PHP than in 
other languages. Besides, the application comes together in the XAMPP 
application used and is more user-friendly.  
There will be three tables in the database which comprise of the 
following: 
1. User’s Account Information (user_account) : store details 
of users of the system 
2. SIR Calculation (sir_calculation) : store daily data 
inventory 




Figures below shows each table as per mentioned above in 
PhpMyAdmin: 
 
Figure 24: user_account table 
 




Figure 26: sir_result table 
4.3 Post Survey and Testing 
The testing process is the crucial parts in the implementation part of the 
system. Realizing the importance of testing, user testing has been done throughout 
the development period to ensure that the system built is match with the design being 
created earlier. Besides performing user testing, the prototype has also being showed 
to two internal examiners and is tested during the Pre-SEDEX. From the testing, the 
system being developed could perform the functionalities being assigned to them 
successfully. But the system still needs to be altered to ensure that the list of daily 
inventory report being calculated can be displayed and the “Inventory” tab should be 









CHAPTER 5: CONCLUSION AND RECOMMENDATIONS 
 
In enhancing the effectiveness and efficiency of petrol station retails risk 
assessment and crisis management, the role of ICT in the petroleum industry is seen 
as one of the important parts in order for the petrol station retails to compete with the 
local and global market. Ensuring safety of the employees and surrounding people is 
one of the important roles that need to be taken into account of a manager of petrol 
station. Previous studies have already proven that the usage of SIR for leak detection 
in UST for petrol station will eventually help in reducing the number of risk 
occurring in petrol station. 
It is indeed true that the occurrences of hazards in petrol stations could not be 
stopped but by assessing the risks and preventing it from happen, the number of 
accidents in petrol stations can be reduced in the future. At the beginning of the 
paper, it has been emphasized that the effects from hazards of petrol station retails 
will give huge impact to the surrounding environment and people nearby. Air and 
soil pollution might as well happen and this will contribute to unhealthy 
environment. 
There are indeed some limitations in the system which can be a subject for 
future research. The system would be more intelligent if it can be done in mobile. It 
will be easier for the operator to walk through each tank and record data 
immediately. For future recommendation, the system might as well be built in mobile 
platform and the result can be alerted immediately to the petrol station manager 
should he/she is not available at the station. 
It is also encouraged that more studies in risk assessment for petrol station in 
Malaysia to be done in the future. The developed countries as mentioned by Ahmed 
et. al (2012) are more advanced in maintaining the records and statistics of risk 
assessments rather than the developing countries including Malaysia. The society of 
the countries are all responsible in educating and implementing the best HSE acts to 
ensure that the country is free from environmental pollution and hazards due to 
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Questionnaires for “Fuel Station Retailer Management System” 
Interviewee : Mr. Amran bin Ahmad, Manager of PETRONAS petrol station retail in 
Kedah 
Year : 2015 
1. What is the current system being used to manage the fuel station retailer? (eg: 
Point on Sale (POS) software) 
 Currently, we are using Point on Sale (POS) software. 
2. Does the system covers more than just transaction system management which 
is used by the cashier at the counter? 
No. 
3. If yes, does the system integrated with any of these functionalities? (Please 
tick on functionalities that are currently available) 
 Calculate total daily sales 
 Compare today’s sales and yesterday’s sales 
 Generate weekly, monthly and yearly graph sales 
performances 
 Generate weekly, monthly and yearly statistics of sales 
 Provide daily routine report (eg: most product being 
bought for today) 
 Keep track on total amount of stock for fuel (RON95, 
RON97 & DIESEL) 
 Keep track on total amount of stock for other products 
being sold in mart 
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 Forecast on next consumption day of oil based on current 
stock available 
 Generate trend of customers’ purchase (eg: Customer who 
buy RON97 fuel will most likely purchase oil for full tank; 
More customers during festive season; etc) 
 Keep track on employees’ attendance and performance 
 Risk assessment (HSE management system) 
 Generate daily, weekly, monthly and yearly sales report 
4. How does the fuel price being changed using the current system?  
Not sure 
5. How frequent does the fuel consumption being done? (eg: 100 barrels per 
three days) Not sure 
6. Does the retailer still use any manual way of calculating or recording for sales 
report? (eg: record in logbook)  
No 
7. Can the current system be remotely accessed by the manager of the retail 
from anywhere (eg: From home, overseas, etc.)  
No 
8. Is there any kind of business or IT model being used for management of fuel 
station retailer currently? Please state if any. 
No 
9. Is there any issue or defect being detected with the current problem? (eg: not 
used friendly; less security; etc.)  
No 
10. If the manager and supervisor are not available at the retailer, how they 
actually manage the retailer currently?  
By the co-supervisor otherwise, when the staff have something to do wish the 
cash money they need to call the supervisor to ask permission.  
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11. Is there any system or model that cover the risk assessment that might happen 
at the petrol station (eg: risk of accident) 
Yes, HSE is the most priority issues to the petrol stations. but not so sure 
what is the system or model.  
12. Do you think it is important for a petrol station to have a good system to 
manage the risk assessment? Why?  
Yes, because petrol station deal with the fuel, and the customer and people 
around deal with risks.  
13. If a computerized risk assessment management system being built, do you 












































<title>Statistical Inventory Reconciliation System</title> 




 <div id="header"> 
  <h1>Statistical Inventory Reconciliation</h1> 
 </div> <!-- end header --> 
  <div id="menu"> 
   <ul> 
    <li><a href="final.html">Home</a></li> 
    <!--<li><a 
href="service.php">Services</a></li>--> 
    <li><a href='login.php'>Login</a></li> 
   </ul> 
  </div> <!-- end menu --> 
  <div id="mainContainer"> 
   <div id="content"> 
    <p><img src="check.gif" alt="Check" 
style="width:300px;height:150px;"></p> 
    <h2>Tank information</h2> 
    <p><img src="Tank.png" alt="Tank" 
style="width:500px;height:300px;"></p> 
   </div> <!-- end content --> 
   <div id="sidebar"> 
    <h3>Tank information</h3> 
     <ul> 
      <li>Tank 1</li> 
      <li>Tank 2</li> 
      <li>Tank 3</li> 
      <li>Tank 4</li> 
     </ul> 
   </div> <!-- end sidebar --> 
   <div id="footer"> 
    <p>Copyright (c) 2015 MasIdayu</p> 
   </div> <!-- end footer --> 
  </div> <!-- end mainContainer --> 
</div> <!-- end container --> 
<script type="text/javascript"> 





















   include 'database.php'; //connect the connection 
page 
   if(empty($_SESSION)) // if the session not yet 
started  
      session_start(); 
 
 
   if(isset($_SESSION['username'])) { // if already 
login 
     header("location: home.php"); // send to home 
page 
     exit;  
   } 
 
   ?> 
<html> 
<head> 
<title>Statistical Inventory Reconciliation System: Login</title> 





 <div id="header"> 
  <h1>Statistical Inventory Reconciliation</h1> 
 </div> <!-- end header --> 
  <div id="menu"> 
   <ul> 
    <li><a href="home.php">Home</a></li> 
    <!--<li><a 
href="service.php">Services</a></li>--> 
    <li><a href='login.php'>Login</a></li> 
   </ul> 
  </div> <!-- end menu --> 
  <div id="mainContainer"> 
   <div id="content"> 
    <form action = "login_process.php" method = 
"post"> 
     Username: <input type="text" 
name="username" /><br /> 
     Password: <input type="password" 
name="password" /><br /> 
     <input type = "submit" name="submit" 
value="login" /> 
     </form> 
   </div> <!-- end content --> 
   <div id="sidebar"> 
    <h3>Menu</h3> 
     <ul> 
      <li>Menu item 1</li> 
      <li>Menu item 2</li> 
      <li>Menu item 3</li> 
     </ul> 
   </div> <!-- end sidebar --> 
   <div id="footer"> 
    <p>Copyright (c) 2015 MasIdayu</p> 
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   </div> <!-- end footer --> 
  </div> <!-- end mainContainer --> 










include 'database.php'; //connect the connection page 
   
if(empty($_SESSION)) // if the session not yet started  
   session_start(); 
if(!isset($_POST['submit'])) { // if the form not yet submitted 
   header("Location: login.php"); 
   exit;  
} 
//check if the username entered is in the database. 
$test_query = "SELECT * FROM user_account WHERE username = 
'".$_POST[username]."'"; 
$query_result = mysql_query($test_query); 
//conditions 
if(mysql_num_rows($query_result)==0) { 
//if username entered not yet exists 
 echo "<script type='text/javascript'>alert('The username you 
entered is invalid.')</script>"; 
   // echo "The username you entered is invalid."; 
}else { 
//if exists, then extract the password. 
    while($row_query = mysql_fetch_array($query_result)) { 
        // check if password are equal 
        if($row_query['password']==$_POST['password']){ 
            $_SESSION['password'] = $_POST['password']; 
            header("Location: home.php"); 
            exit;  
        } else{ // if not 
            echo "<script type='text/javascript'>alert('Invalid 
password.')</script>";  
        } 












<title>Statistical Inventory Reconciliation System</title> 




 <div id="header"> 
  <h1>Statistical Inventory Reconciliation</h1> 
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 </div> <!-- end header --> 
  <div id="menu"> 
   <ul> 
    <li><a href="home.php">Home</a></li> 
    <li><a href="service.php">Services</a></li> 
    <li><a href='logout.php'>Logout</a></li> 
   </ul> 
  </div> <!-- end menu --> 
  <div id="mainContainer"> 
   <div id="content"> 
    <h2>Do you meet all your monthly leak 
detection requirements?</h2> 
    <p>SIR Program is a cost effective leak 
detection service for  
     your UST system. Leak detection 
standards were implemented and 
     must be performed in a manner that 
would alert the operator to a  
     suspected release from any part of the 
tank system (tanks and lines),  
     allowing a timely response to stop the 
release.</p> 
   </div> <!-- end content --> 
   <div id="sidebar"> 
    <h3>Last check was on:  
    <?php  
    $d=strtotime("yesterday"); 
    $yesterday_date = date("Y-m-d", $d); 
    echo "Date " . $yesterday_date . "<br>"; 
    ?> 
    <p><img src="station.gif" alt="Station" 
style="width:400px;height:150px;"></p> 
   </div> <!-- end sidebar --> 
   <div id="footer"> 
    <p>Copyright (c) 2015 MasIdayu</p> 
   </div> <!-- end footer --> 
  </div> <!-- end mainContainer --> 
</div> <!-- end container --> 
<script type="text/javascript"> 











   include 'database.php'; //connect the connection 
page 
   if(empty($_SESSION)) // if the session not yet 
started  





<title>Statistical Inventory Reconciliation System: SIR Form</title> 







 <div id="header"> 
  <h1>Statistical Inventory Reconciliation</h1> 
 </div> <!-- end header --> 
  <div id="menu"> 
   <ul> 
    <li><a href="home.php">Home</a></li> 
    <li><a href="service.php">Services</a></li> 
    <li><a href='logout.php'>Logout</a></li> 
   </ul> 
  </div> <!-- end menu --> 
  <div id="mainContainer"> 
   <div id="content"> 
    <h2>Today's Inventory: <?php echo "Date " . 
date("d/m/Y") . "<br>"; 
          echo 
"The time is " . date("h:i:sa");     
          ?> 
    </h2> 
    <form action = "form_process.php" method = 
"post"> 
    <p>Please select tank name: 
     <select name="tank"> 
       <option value="tank1">Tank 
1</option> 
       <option value="tank2">Tank 
2</option> 
       <option value="tank3">Tank 
3</option> 
     </select> 
    </p> 
     Fuel delivered: <input type="text" 
name="fuel_delivered" /><br /> 
     Fuel pumped: <input type="text" 
name="fuel_pumped" /><br /> 
     Closing Stick Inventory: <input 
type="text" name="closing_stick_inv" /><br /> 
     Water level: <input type="text" 
name="water_inch" /><br /> 
     Admin's Initial: <input type="text" 
name="initial" /><br /> 
     <input type = "submit" name="submit" 
value="Calculate" /> 
     </form> 
   </div> <!-- end content --> 
   <div id="sidebar"> 
    <!---<h3>Menu</h3> 
     <ul> 
      <li>Menu item 1</li> 
      <li>Menu item 2</li> 
      <li>Menu item 3</li> 
     </ul>---> 
   </div> <!-- end sidebar --> 
   <div id="footer"> 
    <p>Copyright (c) 2015 MasIdayu</p> 
   </div> <!-- end footer --> 
  </div> <!-- end mainContainer --> 












include 'database.php'; //connect the connection page 
   
if(empty($_SESSION)) // if the session not yet started  
   session_start(); 
if(!isset($_POST['submit'])) { // if the form not yet submitted 
   header("Location: service.php"); 
   exit;  
} 
 
$tank_id = ($_POST['tank']); 
$fuel_delivered = ($_POST['fuel_delivered']); 
$fuel_pumped = ($_POST['fuel_pumped']); 
$closing_stick_inv = ($_POST['closing_stick_inv']); 
$water_inch = ($_POST['water_inch']); 
$initial = ($_POST['initial']); 
$today_date = date("Y-m-d"); 
 
//set the oil type based on tank id 
if($tank_id == "tank1") 
{ 
 $oil_type = "RON95"; 
 
}else if($tank_id == "tank2") 
{ 
 $oil_type = "RON97"; 
  
}else{ 
 $oil_type = "DIESEL"; 
} 
 
//query for data on current date 
$date_query = "SELECT * FROM sir_calculation WHERE sir_date = 
'$today_date'"; 
$date_result = mysql_query($date_query); 
 
//check for previous closing inventory 
$d=strtotime("yesterday"); 
$yesterday_date = date("Y-m-d", $d); 
 
$prev_inventory_query = "SELECT * FROM sir_calculation WHERE 
sir_date = '$yesterday_date'"; 
$prev_inventory_result = mysql_query($prev_inventory_query); 
if(mysql_num_rows($prev_inventory_result)==0) { 
  //if yesterday date not exist 
  $opening_inventory = 9676; //set a dummy data 
     
}else { 
 
    //if date exist, take the amount of closing stick inventory 
from yesterday's date 
    $opening_inventory = "SELECT closing_stick_inv from 
sir_calculation where sir_date = '$yesterday_date'"; 
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} 
 
//calculate inventory balance 
$inventory_bal = $opening_inventory + $fuel_delivered - 
$fuel_pumped; 
 
//calculate daily over/short 
$daily_over_short = $closing_stick_inv - $inventory_bal; 
 
//calculate cumulative over/short 
if(date("Y-m-d") == date("Y-m-01")){ 
 $cum_over_short = $daily_over_short; 
} else{ 
 $cum_over_short = "SELECT cum_over_short from sir_calculation 




//perform leak check for the month 




//insert data into sir_calculation database 
if(mysql_num_rows($date_result)==0) { 
  //if current date not yet exist 
  $sql = "INSERT INTO sir_calculation (tank_id, oil_type, 
sir_date, opening_inventory, fuel_delivered, fuel_pumped, 
inventory_bal, closing_stick_inv, 
    daily_over_short, cum_over_short, 
water_inch, initial) 
  VALUES ('$tank_id', '$oil_type', '$today_date', 
'$opening_inventory', '$fuel_delivered', '$fuel_pumped', 
'$inventory_bal', '$closing_stick_inv', 
    '$daily_over_short', '$cum_over_short', 
'$water_inch', '$initial')"; 
     
  if($last_day == $today_date){ 
   //check for first opening_inventory of the month 
   $firstday_date = date("Y-m-01"); 
   $first_inventory = "SELECT opening_inventory from 
sir_calculation where sir_date = '$firstday_date'"; 
 
   //get value of sum of fuel delivered for the month 
   $sum_delivered = "SELECT SUM(fuel_delivered) FROM 
sir_calculation WHERE MONTH(sir_date) = MONTH(CURRENT_DATE) AND 
YEAR(sir_date) = YEAR(CURRENT_DATE)"; 
 
   //get value of sum of fuel pumped for the month 
   $sum_pumped = "SELECT SUM(fuel_pumped) FROM 
sir_calculation WHERE MONTH(sir_date) = MONTH(CURRENT_DATE) AND 
YEAR(sir_date) = YEAR(CURRENT_DATE)"; 
 
   //calculate the math check 
   $math_check = $first_inventory + $sum_delivered - 
$sum_pumped; 
    
   //get the last closing stick inventory 
   $last_inventory = $closing_stick_inv; 
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   //calculate the final cumulative 
   $final_cumulative = $last_inventory - $math_check; 
    
   //calculate leak check result 
   $leak_check = $sum_pumped * 0.01; 
    
   //compare leak check result and cumulative 
over/short 
   if($final_cumulative < 0){ 
    $final_cumulative = $final_cumulative * (-
1); 
   } 
    
   if($final_cumulative > $leak_check){ 
    $leak_result = "LEAK"; 
    echo "Leakage detected. Please notify main 
department within 24 hours."; 
   }else{ 
    $leak_result = "PASS"; 
    echo "Tank passes leak detection test for 
this month."; 
   } 
    
   //insert data into sir_result to calculate leak 
result 
   $sql_result = "INSERT INTO sir_result 
(first_inventory, sum_delivered, sum_pumped, math_check, 
last_inventory, final_cumulative, 
       leak_check, leak_result) 
   VALUES ('$first_inventory', '$sum_delivered', 
'$sum_pumped', '$math_check', '$last_inventory', 
'$final_cumulative', 
      '$leak_check', '$leak_result')"; 
       
   if(mysql_query($sql_result)){ 
    echo "Records for sir_result are added 
successfully."; 
   } else{ 
    echo "ERROR: Could not able to execute $sql. 
" . mysql_error(); 
   } 
  } 
   
  if(mysql_query($sql)){ 
  echo '<script type="text/javascript">';  
  echo 'alert("Record for SIR calculation are added 
successfully");';  
  echo 'window.location.href = "home.php";'; 
  echo '</script>'; 
  } else{ 
   //echo "<script 
type='text/javascript'>alert('ERROR! Could not able to execute 
$sql.')</script>" . mysql_error(); 
   echo '<script type="text/javascript">';  
   echo 'alert("ERROR! Could not able to execute 
$sql.");';  
   echo 'window.location.href = "home.php";'; 
   echo '</script>' . mysql_error(); 
  } 





    //if date exist, don't input data 
     echo '<script type="text/javascript">';  
  echo 'alert("The data for the current date already 
entered.");';  
  echo 'window.location.href = "home.php";'; 








































APPENDIX 4: GRAPHICAL USER INTERFACE OF EXISTING SYSTEM 
(AUTOSIR) 
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